Accessibility of cysteine residues in a cytoplasmic loop of CitS of Klebsiella pneumoniae is controlled by the catalytic state of the transporter.
The citrate transporter CitS of Klebsiella pneumoniae is a secondary transporter that transports citrate in symport with two sodium ions and one proton. Treatment of CitS with the alkylating agent N-ethylmaleimide resulted in a complete loss of transport activity. Treatment of mutant proteins in which the five endogenous cysteine residues were mutated into serines in different combinations revealed that two cysteine residues located in the C-terminal cytoplasmic loop, Cys-398 and Cys-414, were responsible for the inactivation. Labeling with the membrane impermeable methanethiosulfonate derivatives MTSET and MTSES in right-side-out membrane vesicles showed that the cytoplasmic loop was accessible from the periplasmic side of the membrane. The membrane impermeable but more bulky maleimide AmdiS did not inactivate the transporter in right-side-out membrane vesicles. Inactivation by N-ethylmaleimide, MTSES, and MTSET was prevented by the presence of the co-ion Na(+). Protection was obtained upon binding 2 Na(+), which equals the transport stoichiometry. In the absence of Na(+), the substrate citrate had no effect on the inactivation by permeable or impermeable thiol reagents. In contrast, when subsaturating concentrations of Na(+) were present, citrate significantly reduced inactivation suggesting ordered binding of the substrate and co-ion; citrate is bound after Na(+). In the presence of the proton motive force, the reactivity of the Cys residues was increased significantly for the membrane permeable N-ethylmaleimide, while no difference was observed for the membrane impermeable thiol reagents. The results are discussed in the context of a model for the opening and closing of the translocation pore during turnover of the transporter.